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Abstract 
 
 Many aspects of personality are honestly signalled on the human face, as shown by 
accurate identification of personality traits from static images of unknown faces with neutral 
expressions. Here we examine the evolutionary history of this signal system. In four studies, 
we found that untrained human observers reliably discriminated characteristics related to 
extraversion solely from non-expressive facial images of chimpanzees (Pan troglodytes). In 
chimpanzees, as in humans, there is therefore information in the static, non-expressive face 
that signals aspects of an individual’s personality. We suggest this performance is best 
explained by shared personality structure and signalling in the two species. 
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1. Introduction 
 
 Personality traits describe the stable, context-general behavioural biases of an individual 
organism. Factor-analytic approaches have identified a small number of human personality 
traits, three-factor (Eysenck & Eysenck, 1985) and five-factor models (Goldberg, 1993) being 
the most used. Human personality as defined by these models has cultural but also biological 
bases. Behaviour genetics studies estimate heritability coefficients for individual traits around 
.40-.60 (Bouchard & Loehlin, 2001), and human models show cross-cultural and even cross-
species generalisation of personality factors (Gosling & John, 1999). In particular, humans 
and chimpanzees demonstrate similar, although not identical, factor structures. The most 
important distinction is that the factor-analytic approach identifies an additional (King & 
Figueredo, 1997), highly heritable (Weiss, King, & Figueredo, 2000) dominance-related 
factor present in chimpanzees but not humans. 
 
 Many socially-relevant traits can be accurately identified in humans solely from visible 
cues in the static, non-expressive face, including personality (Kramer & Ward, 2010; Little & 
Perrett, 2007), sociosexuality (Boothroyd, Jones, Burt, DeBruine & Perrett, 2008), 
trustworthiness (Stirrat & Perrett, 2010), and aggression (Carré, McCormick & Mondloch, 
2009). Interpreting these results within animal signalling theory suggests a close association 
between the facial morphology and behaviour of the signal “sender”, and the cognitive 
processes for understanding the signal in the “receiver” (Maynard-Smith & Harper, 2003). 
Here we examine the evolutionary history of this signal system. We reasoned that if the face 
were part of an evolved signal system, then humans and chimpanzees might share aspects of 
this system. If so, some facial morphology signals should be expressed and understood 
between species.  
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 The possibility of a shared signal system is plausible in part due to evidence from 
comparative studies showing similarities in face processing for the two species, including 
homologous specialised brain regions (Parr, Hecht, Barks, Preuss & Votaw, 2009), cross-
species identification of relatedness (Alvergne et al., 2009), sensitivity to facial configurations 
(Parr, Heintz & Akamagwuna, 2006), and homologies in expression (Parr, Waller, Vick & 
Bard, 2007). However, a shared signal system of personality would require a variety of other 
physical and psychological homologies, including behavioural biases as reflected by aspects 
of personality structure, facial morphology, and the cognitive means for correctly interpreting 
and using these signals from the face. 
 
 To test the possibility of a shared signal system, we measured the ability of humans to 
understand signals from the static chimpanzee face, related to extraversion. Our focus on 
extraversion was motivated by previous findings. First, in the human face, the signal for 
extraversion is strong, and apparent in both individual (Penton-Voak, Pound, Little & Perrett, 
2006) and composite faces (Kramer & Ward, 2010). Second, personality characteristics 
related to human extraversion, such as individual differences in dominance, sociability, and 
activity levels, are widespread in non-human animals (Gosling & John, 1999), including other 
primates (e.g. chimpanzees; King & Figueredo, 1997), other mammals (e.g. hyenas; Gosling, 
1998), fish (e.g. guppies; Budaev, 1997), and even invertebrates (e.g. octopuses; Mather & 
Anderson, 1993). Finally, the characteristic of ‘dominant’ is encompassed by the trait of 
Extraversion in the human taxonomy (Goldberg, 1990), and is a particularly robust measure 
in chimpanzees, demonstrating the single highest factor weighting of any characteristic in the 
chimpanzee personality model (King & Figueredo, 1997), and both reliability (Freeman & 
Gosling, 2010), and external validity in predicting individual behaviour (Pederson, King & 
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Landau, 2005). We carried out a series of four studies in order to investigate accuracy in 
identifying characteristics relating to extraversion from static chimpanzee faces. 
 
2. Study 1: accurate personality identification from the chimpanzee face 
 
 The first study determined whether people could accurately perceive characteristics 
relating to extraversion and other personality traits from chimpanzee facial photographs using 
a forced-choice methodology. 
 
2.1. Method 
 
2.1.1. Participants 
 
Forty-three students from Bangor University (age 19-50 years, 26 female) took part in 
exchange for course credit. 
 
2.1.2. Stimuli 
 
We obtained an initial set of 37 photographs of chimpanzees, each with previously 
collected personality information as described by King and Figueredo (1997). The 
photographs were mostly full body images and showed the chimpanzees in a natural setting. 
Chimpanzees were either looking straight at the camera or in three-quarter view, and the 
images were mirrored as necessary so that all angled to their left. All images were cropped to 
show only the head, with a small amount of neck/body and background remaining (Fig. 1A). 
We selected the images without valenced facial expressions, e.g. without teeth visible or 
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strong shadowing over the eyes. Images were approximately 300 x 300 pixels in size, or about 
an 8.5 cm square on the screen. 
 
 We selected 15 of the 43 characteristics assessed in the King and Figueredo (1997) 
database. These characteristics were chosen in order to represent the six chimpanzee 
personality factors (King & Figueredo, 1997): the two characteristics with the highest loading 
on the five traits most closely related to the human Big Five, and the five characteristics with 
the highest loading on the chimpanzee-specific factor of Dominance. The characteristics 
chosen were “inventive”, “inquisitive”, “unemotional”, “excitable”, “sympathetic”, 
“sensitive”, “reckless”, “erratic”, “sociable”, “active”, “dominant”, “dependent”, “fearful”, 
“decisive”, and “timid”. For each characteristic, the five highest and five lowest-scoring 
chimpanzees were selected. In the end, we had 30 different chimpanzee images. 
 
2.1.3. Procedure 
 
A Latin-square design was used to create five sets of high-low image pairs for each 
characteristic, such that within a set each high and each low image appeared once (producing 
five pairs), and across all sets, each low-scoring image for a characteristic was paired with 
each high-scoring one. The presentation of the high stimulus on the left versus the right of the 
screen was randomly decided for each trial. For each participant, pairs and characteristics 
were presented in random order. Participant numbers within each set were balanced as much 
as possible. 
 
 A single trial proceeded as follows. Participants were shown a high/low pair and asked 
to choose the face best fitting an on-screen definition of a personality characteristic, e.g. 
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“more dominant: more able to displace, threaten, or take food from others, or more likely to 
express high status by decisively intervening in social interactions” (King & Figueredo, 
1997). The image pair and definition were provided onscreen throughout the trial. Responses 
were made by clicking the chosen face and were not speeded. 
 
 After the forced choice trials, participants were shown each chimpanzee photograph 
used in the prior trials on the computer screen, one at a time, and instructed to rate how old 
they thought the chimpanzees were on a scale of 1 (young) to 5 (old). 
 
 Participants also completed a task involving human faces that will not be included in the 
present work. The chimpanzee and human trials were blocked separately and the order of the 
two blocks was counterbalanced across participants. Blocking order had no significant effect 
on 14 of the 15 characteristic, all ps > .224, but did affect performance on the characteristic of 
‘unemotional’, t41 = 2.34, p = .024. As indicated below, overall performance on this 
characteristic was no different from chance, and we did not pursue this effect further.  
 
2.2. Results and discussion 
 
Identification accuracy was calculated for each characteristic. All significant findings 
were related to characteristics loading on human Extraversion. We found accurate 
performance on the characteristic of ‘dominant’: accuracy = 0.59; t42 = 3.01, p = .004, and 
also ‘active’: accuracy = 0.72; t42 = 6.76, p < .001. Interestingly, perception of the 
characteristic ‘sociable’ was significantly worse than chance: accuracy = 0.36; t42 = -4.37, p < 
.0001, suggesting that information was accurately perceived but systematically 
misinterpreted. In addition, accuracy on ‘sympathetic’ (which loads onto human 
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Agreeableness) was close to significant: accuracy = 0.56; t42 = 1.84, p = .073. These results 
demonstrate that some characteristics relating to Extraversion, and possibly Agreeableness, 
are accurately perceived in chimpanzee faces. 
 Participants were also able to accurately estimate chimpanzee age, as age at the time of 
their rating by zoo keepers was correlated with perceived age as judged by participants, r28 = 
0.69, p < .001. We examine effects of age further in Study 2. 
 
3. Study 2: accurate identification of dominance in single chimpanzee faces 
 
 This study focused more specifically on characteristics relating to Extraversion and 
Agreeableness, as motivated by the results of Study 1. We used a ratings task in order to 
incorporate more stimuli and generalise our findings beyond one type of methodology. Single 
chimpanzee faces were presented and rated for different characteristics. Instead of measuring 
discrimination accuracy, we measured the strength of correlation between real and perceived 
characteristics. 
 
3.1. Method 
 
3.1.1. Participants 
 
A different set of 30 students from Bangor University (age 18-27 years, 20 female) took 
part in exchange for course credit. 
 
3.1.2. Stimuli 
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The same images were used as in Study 1. However, we replaced the image of one 
chimpanzee with a more extreme personality value for one with a more closed mouth but a 
less extreme personality value.  
 
3.1.3. Procedure 
 
Participants were shown each image on the computer screen, one at a time, and 
instructed to rate them on a scale from 1 (very low) to 7 (very high). The stimuli were rated 
on the four characteristics identified in Study 1: sociable, active, dominant, and sympathetic. 
A description of each characteristic appeared onscreen while that rating was being made. The 
characteristics were blocked separately, and order of block presentation was counterbalanced 
between participants. Trials appeared in randomised order for each participant. 
 
 Participants also completed a task involving human faces that will not be included in the 
present work. The chimpanzee and human trials were blocked separately and the order of 
these two blocks was counterbalanced across participants. We verified that the order of the 
blocks did not affect performance on any of the chimpanzee judgements, all ps > .05. 
 
3.2. Results and discussion 
 
 We calculated the mean rating for each chimpanzee for each characteristic. We then 
correlated these mean ratings with actual values of chimpanzee characteristics (degrees of 
freedom therefore reflect the number of chimpanzees judged). Ratings of dominance 
significantly correlated with actual dominance, r28 = 0.42, p = .022. The interrater reliability 
of dominance ratings as determined by Cronbach’s α was .93. Pairwise correlations of 
 A shared signal system 10 
 
perceived and actual values for other characteristics were not significant, all ps > .32. The 
characteristic of dominance could therefore be accurately assessed, even when participants 
were unable to directly compare the faces associated with extreme personality values. 
 
 Accuracy in dominance ratings did not appear to be affected by age-related cues. 
Estimates of the ages of individual chimpanzee images (obtained in Study 1) were not 
correlated with estimates of dominance for those same individual images, r27 = -0.17, p = 
.380. Furthermore, the chimpanzees’ actual ages were not correlated with actual dominance, 
r29 = 0.01, p = .964, meaning that age was in any case not a valid cue for dominance with this 
group. 
  
We also considered whether dominance ratings might be influenced by implicit sex 
identification. If male and female chimpanzees differ in dominance, and participants were 
able to pick up on this cue consciously or otherwise, then accuracy on this task may reflect an 
implicit ability to identify chimpanzee sex rather than dominance. To see whether this was 
likely, we compared the actual dominance of males to females in our test set, but these did not 
significantly differ, t28 = 1.48, p = .149 (although such differences have been reported in other 
chimpanzee data sets, e.g. Dutton, 2008; King, Weiss & Sisco, 2008). Likewise the perceived 
dominance of the two sexes was not significantly different, t28 = 0.24, p = .811. It therefore 
seems unlikely that people were making their judgements on sex rather than dominance. 
However, in the next study we tested this possibility directly. 
 
4. Study 3: within-sex discrimination of dominance 
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 Here we asked whether people could accurately distinguish levels of dominance within 
a single-sex group. We presented images of male and female chimpanzees in separate blocks 
and used forced-choice discrimination to assess accuracy of dominance perception. 
 
4.1. Method 
 
4.1.1. Participants 
 
A different set of 30 students from Bangor University (age 18-34 years, 22 female) 
volunteered to participate. 
 
4.1.2. Stimuli 
 
From the 30 chimpanzees used in Study 2, three were removed to produce a more 
controlled set. These included two chimpanzees who had visible facial injuries and one 
photograph of relatively low image quality. From the remaining 27 chimpanzees (12 females, 
15 males), the highest and lowest four male and female chimpanzees for the ‘dominance’ 
characteristic were selected. Images were approximately 300 x 300 pixels in size, or about an 
8.5cm square on the screen. 
 
4.1.3. Procedure 
 
Similar to Study 1, high/low pairs of chimpanzee faces were presented onscreen and 
participants were instructed to select the more dominant one. A definition of ‘dominant’ was 
also provided onscreen throughout. Each ‘low dominance’ face was paired with every ‘high 
 A shared signal system 12 
 
dominance’ face of the same sex, producing 16 male and 16 female pairs. The position of 
each ‘high’ face was counterbalanced for side of presentation for each participant. The trials 
were blocked by stimulus sex, with the order of the pairs randomised within blocks for each 
participant, and the order of the two blocks counterbalanced between participants. 
 
4.2. Results and discussion 
 
 Identification accuracy was calculated for each characteristic. Accuracy was 
significantly above chance when participants were asked to make within-sex comparisons, 
both for male chimpanzees: accuracy = 0.70; t29 = 6.00, p <.001, and for female chimpanzees: 
accuracy = 0.60; t29 = 3.82, p < .001. In addition, participants were more accurate with male 
than female chimpanzees, t29 = 2.48, p = .019. 
 
 We can therefore be confident that dominance accuracy is present for both male and 
female chimpanzees. Combined with previous research on human faces (Penton-Voak et al., 
2006), we can see that there is some accuracy in characteristics relating to extraversion for 
both human and chimpanzee faces. Our final study investigated whether accuracy on these 
two tasks was related. 
 
5. Study 4: comparing accuracy from human and chimpanzee faces 
 
 Using forced-choice discrimination, we explored accuracy on chimpanzee dominance 
and human extraversion in order to see whether performances with these two types of stimuli 
were related. 
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5.1. Method 
 
5.1.1. Participants 
 
A different set of 36 students (age 18-27 years, 26 female) from Bangor University took 
part in exchange for course credit. Participants completed measures of personality 
(Donnellan, Oswald, Baird & Lucas, 2006), empathy (Davis, 1980), and autism (Baron-
Cohen, Wheelwright, Skinner, Martin & Clubley, 2001). 
 
5.1.2. Stimuli 
 
In this study, high/low pairs were created for both chimpanzee and human faces. For the 
chimpanzees, the set of 27 images from Study 3 were used, and the five chimpanzees scoring 
highest and lowest on dominance were selected, without regard to sex. For the human 
discrimination, 36 Caucasian females (see Kramer & Ward, 2010, for details) were 
photographed under standard lighting conditions with neutral facial expressions. All jewellery 
and make-up were removed. Images were cropped to show only the internal facial features, 
and were converted to black and white (Fig. 1B). These students completed a Big Five 
personality assessment (Donnellan et al., 2006), and were then sorted for Extraversion, with 
the highest and lowest five being selected, subject to the constraint that scores on other traits 
were equivalent. This allowed us to maintain differences between the two sets for 
Extraversion but minimise other trait differences that may interfere with signal reading. 
Images were approximately 275 x 250 pixels in size, or about 8 x 7 cm on the screen. 
 
5.1.3. Procedure 
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Discrimination of human and chimpanzee pairs were made in separate blocks, presented 
in counterbalanced order between participants. In the chimpanzee blocks, pairs of chimpanzee 
faces were presented onscreen and participants were instructed to select the more dominant. 
Each ‘low dominance’ face was paired with each ‘high dominance’ face, producing 25 pairs. 
The position of each ‘high’ face was counterbalanced for side of presentation for all 
participants, with each participant seeing each face on one side three times and on the other 
side twice. 
 
 The procedure used with the human faces was identical, although participants were 
instructed to select the more extraverted. A definition of ‘Extraversion’ was also provided 
onscreen throughout: “more talkative, energetic, social, assertive”.  
 
5.2. Results and discussion 
 
 As expected from our previous studies, identification accuracy was again significantly 
above chance for chimpanzee dominance: accuracy = 0.58; t35 = 3.24, p = .003. Performance 
was also accurate on human Extraversion judgements: accuracy = 0.77; t35 = 10.34, p < .001. 
However, the within-rater correlation for accuracy on chimpanzee and human faces was not 
significant, r34 = -0.08, p = .65. We also saw some individual differences in performance on 
the tasks. Participant scores on the ‘social skills’ domain of the Autism Spectrum Quotient 
were negatively correlated with accuracy on the human discrimination task, r34 = -.37, p = 
.025, but not the chimpanzee task, r34 = -.01, p = .972. This negative relationship suggests that 
those with higher levels of autistic-like traits relating to social skills were specifically worse 
at reading the signs of extraversion in human faces. 
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 In addition, chimpanzee accuracy was correlated with participants’ conscientiousness 
scores, r34 = .44, p = .007. While one could imagine that trying harder on this task may lead to 
improved accuracy, this does not explain the lack of correlation with human accuracy. 
 
6. General discussion 
 
 The results of these four studies demonstrate that humans can accurately perceive 
characteristics relating to extraversion in chimpanzee faces on the basis of static, non-
expressive cues. In particular, people can use cues in both the human and chimpanzee face to 
identify individuals who are biased towards social activity and dominance-related behaviours.  
 
 The ability to detect the characteristic of dominance was an especially robust finding, 
and it is worth being clear about the nature of this characteristic. The term “dominance” is 
often used to refer to a situation-specific construct that describes the relationship between 
individuals and the organisation of the social hierarchy within the group. However, 
“dominance” as discussed here refers to the broad personality characteristic relating to the 
chimpanzee’s overall competitive tendency or prowess. This characteristic is heritable (Weiss 
et al., 2000) and reflects a disposition that is relatively stable over time and context. We 
would expect that these two types of dominance are positively correlated (de Waal, 2000); 
however, to be clear, it was the personality characteristic, not status per se, that was 
accurately identified in our studies. 
 
 How can we best explain the performance of human observers in accurately decoding 
the personalities of chimpanzees from their static face images? Clearly there is relevant 
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information present in the chimpanzee face, but why would humans be able to accurately 
process this information? Particularly when, as in our case, these humans have no prior 
experience of chimpanzees? We hypothesise a shared signal system for personality from the 
face in humans and chimpanzees, that is, on the basis of their shared evolutionary past, 
chimpanzees and humans share aspects of a system for communicating behavioural biases to 
conspecifics 
 
 A shared signal system would implicate a variety of physical and psychological 
systems. These would include (1) shared aspects of personality; (2) shared links between 
personality and facial morphology; and (3) shared cognitive mechanisms for processing those 
links. We have already discussed the first point, and the substantive overlap in human and 
chimpanzee models of personality, as well as the heritability and external validity of 
chimpanzee personality models to predict behaviour (Pederson et al., 2005; Weiss et al., 
2000). Our present results, demonstrating that people are able to identify links between 
personality and facial morphology in both humans and in chimpanzees, argues strongly for 
the second point. The point which is not yet demonstrated is the third. Our results show that 
humans have the cognitive means for processing at least some of the available signals in the 
face and their associations with personality. However, it is not yet known whether 
chimpanzees have a similar ability to process and use these signals. 
 
 We predict that chimpanzees will be able to identify such signals, at least in the 
chimpanzee face. Our reasoning is as follows. It is clear that chimpanzees inhabit complex 
social structures. It is also clear that information in the chimpanzee face, along with 
associated cognitive abilities, allows chimpanzees to identify important social traits in their 
conspecifics, such as relatedness and emotional expressions. This information is no doubt 
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used to facilitate social interaction. Given these well-agreed facts, and given our present 
results, demonstrating there are signals relating to extraversion in the chimpanzee face, it 
would be a surprising evolutionary blindspot if the chimpanzee species were simply unable to 
process this other type of useful information on their faces. It would be more surprising still 
that untrained humans were able to use this same information from chimpanzees. We 
therefore predict that chimpanzees will be able to use the signals that are evidently available 
from their conspecifics. This evidence, if found, would be a crucial foundation for the more 
general hypothesis of a shared signal system. 
 
 As we reviewed in the introduction, characteristics related to extraversion approximate 
a universal form of individual difference. These characteristics are widely distributed across 
mammalian as well as non-mammalian taxa. Extraversion in both humans and chimpanzees is 
heritable and displays both internal and external validity. The fact that dominance was readily 
communicated between species suggests the importance of this characteristic in both human 
and chimpanzee social structures. Indeed, both chimpanzee dominance (King & Landau, 
2003) and human extraversion (Costa & McCrae, 1980) are correlated with subjective well-
being. There are of course also important differences in these personality structures, for 
example as reflected in the six-factor chimpanzee and five-factor human models. These 
differences may account for some of the errors in cross-species identification.  
 
 Our findings also support previous studies measuring signals of trait extraversion from 
individual human faces (Penton-Voak et al., 2006), that have shown mixed results (Shevlin, 
Walker, Davies, Banyard & Lewis, 2003). In addition, while internal features alone have been 
shown to allow accuracy with composite images (Kramer & Ward, 2010), our results are the 
first to demonstrate this with individual photographs, thus demonstrating that the signal for 
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extraversion in individual images is still present when information from jawline and skin 
colour are removed. 
 
 From previous studies, it has also been an open question whether accurate personality 
identification from the human face is based upon the heritable or the acquired components of 
personality (Kramer & Ward, 2010; Little & Perrett, 2007). The fact that humans can identify 
such signals in chimpanzees clearly indicates some degree of signal which is not specific to 
any human culture. However, the lack of correlation between accuracy with human and 
chimpanzee faces in our final study suggests that cultural learning also plays a role. Our 
participants had little or no experience with the behaviours and faces of any individual 
chimpanzees, and therefore little room for individual differences in that experience. However, 
when judging human faces, we would expect people to have a wide range of individual 
differences in experience which could affect their performance. For example, extraverts 
demonstrate better visual memory for faces than introverts (Li, Tian, Fang, Xu, Li & Liu, 
2010). Under these assumptions, we might then expect little correlation in performance on 
human and chimpanzee tasks, for what are essentially statistical reasons. 
 
 However, our results still point to some more uniquely human signal in the face. We 
found in our final study that individual differences in Autism Spectrum Quotient (AQ) 
measures were correlated with the ability to identify traits in human, but not chimpanzee, 
faces. As autism is associated with a variety of behavioural deficits in face processing, and 
specific neurophysiological irregularities (Dawson, Webb, & McPartland, 2005), an 
interesting question is whether high-scoring AQ individuals may have social problems 
relating to difficulties in reading the non-verbal behavioural signals tested in our studies. In 
any case, while our overall results argue for commonalities between human and chimpanzee 
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signal systems, the fact that AQ predicts accuracy on human but not chimpanzee faces also 
demonstrates some dissociation. This may also be explained in terms of AQ scores affecting 
the reading of extraversion signals but not those of dominance. However, further research is 
needed in order to clarify this issue. 
 
 Finally, adaptive theories of animal signalling argue that the system is unlikely to be 
stable unless there is a net advantage to both the sender and the receiver in honest 
communication (e.g. Krebs & Dawkins, 1984). It is easy to imagine benefits for the receiver 
in predicting the personality and subsequent likely behaviours of others. Research has shown 
that both humans (Jones et al., 2010) and rhesus monkeys (Shepherd, Deaner, & Platt, 2006) 
are affected by social status and dominance as reflected in the face during a gaze-cuing task. 
More interesting is to ask what benefits there may be for the signal sender in this 
arrangement. While there might be some advantage in concealing likely behaviours and 
intentions, interpreting our results within a framework of adaptive signalling suggests that in 
human and chimpanzee social structures, there are also advantages in displaying those 
behaviours, or at least large costs for concealing them. In conclusion, these four studies 
provide the first evidence of an honest signal system for personality attributes across species, 
with evolutionary origins dating back at least to the last common ancestor of chimpanzees and 
humans.
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Figure Caption 
 
Figure 1 
 
Examples of honest signals of personality. (A) Individual images of two female 
chimpanzees scoring low (left) and high (right) on dominance, a characteristic that maps onto 
human Extraversion (70% of participants accurately identified this specific pair). (B) 
Examples of stimuli from Study 4: individual face images, with external features removed, of 
two women scoring low (left) and high (right) on the Extraversion scale (67% accuracy on 
this specific pair). 
